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Very early in the history of the Desert Botanical Laboratory, 
it was recognized that the study of the transpiration of desert plants 
ought to be one of the leading lines of research. It was appreci- 
ated also that to be most effective the study should be confined as 
far as possible to plants growing under natural conditions, that is, 
to plants in the field. 

That the task is not without its difficulties is readily seen. The 
forms of apparatus in general use are not intended and in fact are 
not well adapted for the determination of the transpiration of plants 
in place. It was necessary therefore in the very beginning to revise 
old methods, or to originate and to perfect a new one, both of 
which have been done.+ : 

It is not to be understood that the method to be described, 
which was devised to meet the special need, is either ideal or has 
reached its final stage of development. But the use of it fora 
year in many experiments out-of-doors and under different condi- 
tions has shown it to be so practicable that a description of it at 
this time, together with some reference to experiments performed 
with it, appears to be desirable. 


THE POLYMETER METHOD 


Several methods are in general use by which the amount of 
watery vapor given off by plants may either be estimated, or 

* Papers from the Desert Botanical Laboratory of the Carnegie Institution, No. 5. 

+ This paper is devoted to the exposition of the method most used in 1904. Others 
are now being tried ; should any of these appear to be satisfactory they will be described 
at another time. 

{The BULLETIN for September (32 : 451-514) was issued 21 S 1905. ] 
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demonstrated. These methods may be grouped into three classes. 
In the first of these the plant is potted, and weighed at intervals ; 
the loss of weight is assumed to be due to the evaporation of water 
from its surface. In a second class the plant is enclosed in a tight 
receptacle and the vapor evolved from it is collected in some kind 
of drying material which is weighed before and after the experi- 
ment ; any increase in weight is attributed to the absorption of 
water which was derived from the plant. In the third class the 
amount of water transpired is estimated from the amount absorbed 
by the plant. The apparatus employed in this class is some form 
of potometer. 

The mere demonstration of the fact of transpiration has been 
made by placing the plant, or a portion of it, in a tight receptacle 
which encloses at the same time some hygroscopic material. The 
increase in the amount of vapor in the receptacle, or the presence 
of. any considerable amount, is indicated by some visible change, 
as in the color or position, taking place in the substance.* 

@ The method most used the past season at the Desert Botanical 
Laboratory is in principle a departure from any given above. It 
consists essentially in the determination of changes in the absolute 
humidity of the atmosphere in which the plant is placed; the dif- 
ference in the absolute humidity, expressed in fractions of a gram, 
is the amount of vapor transpired. The calculations by which the 
absolute humidity is derived are based on variations of the relative 
humidity. 

AN ACCOUNT OF THE APPARATUS 
The form of apparatus with which, as was mentioned above, 
the most of the transpiration studies in the field were carried on 
during the past season at the Desert Botanical Laboratory was 
suggested early in 1904 by Dr. D. T. MacDougal of the Advisory 
Board of the laboratory. This is the apparatus used in the poly- 
meter method for the determination of transpiration (see FIGURE 1). 
The apparatus consists of a hygrometer, a bell-glass and a 
water-proof base. The form of hygrometer used was Lambrecht’s 
Reise Polymeter. This instrument is especially constructed to 
record a variety of meteorological conditions ; it is, however, well 
* For a more detailed account of the methods used in studying the transpiration of 

plants, see BURGERSTEIN, Die Transpiration der Pflanzen, 1904. 
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adapted to this other use. It is a substantially made brass instru- 
ment which carries a hair hygrometer and a thermometer, and is 
provided with a solid base which enables the instrument to stand 
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FIGURE I. Apparatus for determining the transpiration of plants in place. The 
polymeter method. 


upright when in use. The hygrometer indicates the relative 
humidity, and it is also provided with a scale by which the temper- 
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ature of the dew-point may be approximately determined. The 
maximum vapor-pressure for any temperature is written on the 
thermometer, which unfortunately is graduated according to the 


Fahrenheit scale. This instrument provides a means of telling 














FIGURE 2. Covillea tridentata, showing base made of cement which was made 


water-proof by being covered by a mixture of vaseline and wax. 


directly, therefore, the temperature of the air, the maximum vapor- 
pressure, the relative humidity, and the dew-point. From what 
has been said regarding the polymeter it will appear at once that 
it can be used to demonstrate the fact of transpiration, and if the 
cubic contents of the bell-glass are known, from data given by it 


the amount of transpiration can also be estimated. 
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Any bell-glass which is adapted in form and in size to the 
plant, or branch, experimented with may be employed. Perhaps 
the best shape for general use is that of the bell shown in FIGURE I, 
the enlarged upper portion of which permits the natural spreading 
of the plant. The size of the bell is of much importance, since it 
must correspond with the rate of transpiration. It can only be 


told by experience. 





FiGURE 3. L£nucelia farinosa, with base constructed ot wood. The base is made 
of two boards of which the one to the left is securely fastened to two cleats, which carry 
buttresses on the free ends, and the one to the right is clamped into position by inter- 
posing two wedges between the buttresses and the loose board. By removing the wedges 


the base is easily taken apart. 


Finally, a base upon which to set the bell-glass and the poly- 
meter must also be provided. The form may vary according to 
the nature of the experiment. If an entire plant is under observa- 
tion, a cement base may be used (FIGURE 2). But this form, which 


was originally devised to be in a measure permanent, is not alto- 
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gether satisfactory. A very good base for general use can be 
made of wood, like the one shown in FIGURE 3, for example, and 
it can be made so that it can be put together or taken apart quickly 


and with ease. Another form, shown in FIGURE 4, is made of an 











FicureE 4. Method of observing the transpiration of a branch while still attached 
g | 


7 


to the main plant. ‘The plant is Opuntia versicolor 


ordinary plant drier, which like the other forms of base described 
has been made water-proof by the application of vaseline or some 
other water-resisting substance. It sometimes happens that it is 
impossible or extremely inconvenient to use any of the bases above 


described. I have, for instance, carried the transpiration apparatus, 
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packed on the back of a horse, for some miles into the mountains 


when it was necessary to make the load the lighest possible. In 








FiGURE 5. The manner of using the polymeter method in studying the transpira- 
tion of a¥mistletoe, Phoradendron californicum. 
L 
such’a‘case oiled cloth of some sort was substituted with success 


for the heavier and more cumbersome forms of base. A cloth 
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base is also frequently more convenient when studying the trans- 
piration of such a plant as the mistletoe (FIGURE 5), or a branch of 
a tree. Whatever may be the style of base used, great care must 
be taken to avoid any leakage which would render the results 
quite untrustworthy. 

A very necessary addition to the apparatus as above presented, 
in this country of high temperatures and bright sunlight, is some 
form of shade. Several types have been used. The one given in 
FIGURE I is perhaps the most satisfactory. It is made of heavy 
white duck. Straps are attached so that it can be fastened to 
camera tripods ; it is thus easily carried and is very rigid when 
spread, and flaps are sewed to the bottom, upon which stones are 
piled to ensure a safe anchorage against the winds. 

The manner of setting up the apparatus is very simple. As 
soon as the base is arranged, the polymeter is placed upon it in a 
position where it may be readily observed, and the bell-glass is 
placed over the plant and the polymeter and sealed quickly and 
tightly to the base. The entire apparatus is shielded from the 
direct sunlight, which can be done just before or immediately 
after the bell is put in position. The adjustment of the apparatus 
need not take longer than three or four minutes. 

When the apparatus is set up, the time, the relative humicity 
and the temperature are at once taken and recorded. The read- 


ings should be repeated at frequent and regular intervals. 


THE CALCULATION OF THE ABSOLUTE HUMIDITY 
The amount of moisture in the atmosphere of the bell-glass 
may be found by a simple calculation, which may be based wholly, 
or if preferred only in part, on data provided by the polymeter. 
The manner of reducing the observations in both instances may 


be illustrated by the data given in the following experiment : 


Time Relative humility Temperature 
9:33 A. M. 23 29° C. (84.2° F.) 
10:00 1“ 50 The same 


The bell has a capacity of 17,500 c.c. 
A method of deriving the absolute humidity with the aid of 
data given entirely by the polymeter will be given first. 
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The polymeter gives 30 mm. as the maximum vapor-pressure 
at 84° F., and this number, 30, expresses also the weight in grams 
of one cubic meter of water-vapor at that temperature, since for 
the temperatures that usually occur the vapor-pressure in milli- 
meters is expressed by almost the same number that gives the 
weight of water-vapor per cubic meter in grams.* That is, a 
cubic meter of saturated air, at sea-level, and at a temperature of 
84° F., weighs (according to the polymeter) 30 grams.t Ata 
saturation of 23 per cent. there would be 6.9 grams in one cubic 
meter (0.23 x 30). Multiplying this number by that fraction of 
a cubic meter which the capacity of the bell-glass represents, 0.0175 
(17,500/ 1,000,000), gives 120 milligrams. Therefore, at a tem- 
perature of 84° F. and at a saturation of 23 per cent., the meteoro- 
logical conditions at the beginning of the experiment, there were 
120 milligrams of moisture in suspension in 0.0175 of a cubic 
meter, or in other words in the bell-glass. 

If the second reading of the experiment is reduced in like 
manner it will give 262 milligrams as the amount of moisture 
which was in the bell-glass at 10:00 o’clock. The difference be- 
tween 262 and 120 milligrams is the increase in the absolute 
humidity which is due to the transpiration of the plant. That is, 
142 milligrams of watery vapor were given off by the plant in 27 
minutes, and from this result the rate for any period and for any 
surface-area can be easily estimated. 

The preceding method of deducing the amount of moisture 
from readings given by the polymeter is sufficiently accurate for 
tests, for purposes of demonstration, or for comparison, but is 
subject to certain very obvious errors. In the first place the 
vapor-pressure given by the polymeter is not so accurate as that 
provided by reliable hygrometric tables; { it cannot be read so 
closely. And, also, the maximum pressure of vapor in millimeters 
is not expressed at all temperatures that occur outdoors, at any 
rate in the desert region, by the number that gives the weight of 
vapor in grams per cubic meter. For example, the thermometer 

* HANN, Handbook of Climatology. English translation by R. DeWard, 1903. 

+t The number on the polymeter is really slightly less at the temperature, but as the 
scale is so small-it cannot well be read more closely. 


t Smithsonian Meteorological Tables, 1897, have been used in most of the reduc- 


tions. 
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in summer not infrequently registers 95° F. (35° C.) in the shade, 
and often much higher. The weight of a cubic meter of saturated 
air at 35° C. is 39.187 grams; the maximum vapor-pressure at 
that temperature is, however, 41.78 mm.* I have, therefore, used 
the hygrometric tables in making all calculations. 

If, now, the absolute humidity is found for the above experi- 
ment by employing the hygrometric tables we shall get slightly 
different results. 

The weight of one cubic meter of aqueous vapor at 29° C., 
and at sea-level, is given as 28.450 grams.t With a relative 
humidity of 23 per cent. the weight would be 6.54 grams for one 
cubic meter. Multiplying this by the fraction 0.0175, as before, 
gives 114 milligrams for the first reading. The second amount 
reduced in the same manner is 248.8 milligrams. Therefore the 
total transpiration, according to the latter method of making the 
computation, is 134.8 milligrams as against 142 by the first 
method, and this difference becomes greater with the rise of the 
temperature, since, among other reasons given above, the first 
method was based upon the pressure of vapor and not on its 
weight. 

It has been mentioned above that the hygrometric tables are 
computed for sea-level. For delicate hygrometric work, there- 
fore, some correction should be made for the higher altitudes, but 
for the usual work of estimating the transpiration of plants, partly 
because it is largely a comparison, slight altitudes above the sea 
need not be considered. Neither is it necessary to take into 
account the usual daily variation of the barometer. When on 
account of a considerable altitude above the sea, as at the Desert 
Botanical Laboratory (altitude 2,600 feet), it is necessary to take 
into account the diminished air-pressure, the final deductions for 
absolute humidity are multiplied by the following fraction : 


Gravity at altitude of experiment 


Gravity at sea-level 


* Smithsonian Meteorological Tables, 1897, pages 133 and 142. 
+ Z. c., page 133. 
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TESTING THE POLYMETER METHOD 

Laboratory experiments for the purpose of testing the accuracy 
of the method indicate that the polymeter used for the present 
object generally registers too low. This is due to the slow diffu- 
sion of moisture in a confined space as well as to a tardy reaction 
of the instrument itself. But these experiments show, on the 
other hand, the very important fact that when the instrument is 
handled properly, in a uniform manner, it will give results which 
are consistent. 

The succeeding experiments, which were conducted in the 
laboratory in a manner to be detailed, give some idea of the 
behavior of the instrument in regard to the rate of increase or 
decrease of moisture in the bell-glass. 

EXPERIMENT No. 1. — Reaction of the polymeter to a change in 
the relative humidity which ts approximately one per cent. a minute. 
The apparatus was arranged in the following manner: A bell- 
glass was placed over a polymeter and sealed to a ground-glass 
plate. Inlet and outlet tubes were arranged so that the amount 
of moisture in the bell could be increased or diminished at pleas- 
ure. At the beginning of the test the humidity of the atmosphere 
of the bell-glass was increased to a certain per cent., which was 
indicated by the polymeter, after which a portion of it was with- 
drawn and collected in sulphuric acid drying-tubes. The poly- 
meter was again read. The amount of vapor which was taken 
away from the bell-glass was then computed by the hygrometric 
method as given in the preceding pages, and it was compared 
with the amount as determined by the increase in the weight of 
the drying tubes. According to the polymeter the vapor removed 
was 88 mg.; the tubes gained g0 mg. in weight. Thirty-seven 
minutes were taken to remove the moisture from the bell-glass, 
during which the-polymeter recorded a decrease of 33.5 per cent. 
in the relative humidity. 

EXPERIMENT No. 2.— Reaction of the polymeter to a variable 
change in the relative humidity. The apparatus was set up as 
before. Calcium chloride drying-tubes were used. A stream of 
moist air was passed through the bell-glass from 10:41 until 
10:47, when all openings were again closed. 


The following data were recorded : 
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Time Relative humidity Temperature 
10:41 43 74° F. 
10:47 Ol 74 
11:10 63 74 


It will be observed that the humidity increased 18 per cent. in 
6 minutes (10:41-10:47). From 10:47 to 11:10 the instrument 


was allowed to settle, during which time it showed an increase of 


2 per cent. This was due to the tardy response of the polymeter, 
since the moisture was equally distributed throughout the bell- 
glass by reason of the manner of introducing it. 

At 11:10 the stream of moist air was again sent through the 


bell-glass ; it was stopped at 11:17. 


11:17 68 


/ 


11:37 67 


NN 
uw 


The rise of 5 per cent. of the humidity in 7 minutes (11:10-11:17) 
was closely followed by the polymeter, since it showed no change 
except only a fall of one per cent. due to the higher temperature, 
in the succeeding period of rest. 

At 11:37 a portion of the moisture was removed from the bell- 
glass and collected in calcium chloride drying-tubes. This proc- 
ess required 12 minutes, during which the humidity fell 25 per 
cent. 


11:49 42 7 


"2 


vw 


According to calculations based upon the polymeter, the 
amount of moisture withdrawn was 42 mg.; the drying-tubes 
gained 55 mg. That is to say, the polymeter, on account of the 
too rapid decrease in the humidity, lagged considerably in its 


recording. 


BEST METHODS OF CONDUCTING THE EXPERIMENTS 
When an experiment is performed it is necessary to compro- 
mise between the desirability of making it as short as possible, in 
order to maintain conditions for the plant as nearly normal as 
practicable, and the fact that the instrument, for reasons given 
above, does not record instantly the humidity of the air. Conse- 
quently the rate of increase in the relative humidity should be as 


nearly constant for all experiments as possible, particularly when 


nh lt 
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comparative studies are carried on, and it should not be over 1 
per cent. a minute. This condition is fairly well attained by vary- 
ing the size of the bell-glass in accordance with the rate of tran- 
spiration. It can be told only by trial. 

Although the relative humidity of the atmosphere of the bell- 
glass cannot be lowered to suit the convenience of the operator, 
without subjecting the plant to grossly unnatural conditions even 
on the desert, it is altogether best if at the beginning it does not 
greatly exceed 25 per cent. The experiment can then be so con- 
ducted that a considerable range in the relative humidity is pos- 
sible without greatly modifying the moisture conditions; the range 
need not be greater, if so ample, as that to which the plant is daily 
subjected in the open. If this precaution is taken the decrease in 
the rate of transpiration which accompanies an increase in the 
humidity can largely be avoided. 

The foliage should be uniformly distributed throughout the 
bell-glass so that the diffusion of the watery vapor may be as 
quickly attained as possible. This may be facilitated by the use 
of some device by which the circulation of the air may be main- 
tained. 

The temperature can be kept fairly uniform if the apparatus is 
allowed to become of the same temperature as the plant and the 
base, provided a permanent base is used, but in case the day is 
unusually hot and a large increase in heat is observed, notwith- 
standing the shade, a dampened blotter or cloth tied to the out- 
side of the bell-glass and large enough to cover one-third of its 
surface, will in a very satisfactory manner keep the temperature 
down. 

SUMMARY AND CONCLUSIONS 

The polymeter method has been in use one year, during which 
time about 100 experiments were performed with it. All of these, 
with the exception of a single series, were conducted upon plants 
in place, and the experiments, an account of which will be given at 
another time, showed very conclusively that the new method is a 
practicable one for outdoor use. The following summary is given, 
with sufficient illustrations drawn from the work of the year to 
give some conception of the scope of the method and more espe- 
cially of its efficiency. 
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1. The polymeter method of determining the transpiration of 
plants is based upon changes in the relative humidity of the at- 
mosphere in which the plants are placed. From data respecting 
the relative humidity and the temperature, provided by the poly- 
meter, the absolute humidity is calculated by well-known meth- 
ods. The difference in the absolute humidity constitutes the 
amount transpired. 

2. The results derived from the use of the method are shown 
by laboratory tests to be consistent, and, provided certain precau- 
tions are taken, to be reasonably accurate. 

3. The apparatus is easily adjusted, it is not likely to get out 
of order, and it may be easily transported. 

4. The new method is especially suitable for use in a dry 
locality ; where the humidity is high some other method will 
probably be more satisfactory. 

5. That the range of the use of the method outdoors is large 
will be perceived by the following list which is a part only of the 
plants studied: Cereus giganteus, Covillea tridentata, Encelia 
Farinosa, Fouquterta splendens, Fraxinus arizonica, Phoradendron 
macrophyllum, Pinus ponderosa, Quercus oblongifolia, Kallstroemia 
maxima, and Verbena ciliata. 

6. It will be observed by the list that not only entire plants 
in place, but also portions of plants while still attached, can be 
employed. This greatly enhances the usefulness of the method, 
as the following indicates: In a certain experiment ona mistletoe 
and its host, the transpiration of the mistletoe was taken while it 
was still growing on its host and then the apparatus was read- 
justed and the rate of the host branch upon which the mistletoe 
grew was observed. When these experiments were completed 
the transpiration of a seedling of the same species as the host 
plant was learned. Thus results of much pathological and 
physiological importance were surely and readily obtained. 

7. It is important to note that a plant can be experimented 
upon repeatedly without apparent injury, which makes it possible 
to observe the transpiration at hourly or at daily intervals, and 
thus to learn the diurnal or the seasonal variations as desirable. 
As a single instance of seasonal differences in rate, the transpira- 
tion of Houguierta may be cited. The absolute seasonal variation 
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in rate of this plant was 8.03 milligrams per minute for 100 sq. 
cm. of transpiring surface. The least rate was that of March 
when 0.22 milligrams for the same area and period was observed, 
and the highest was in August when the rate was 8.25 milligrams. 

8. The apparatus is so sensitive to changes in the humidity — 
to give an illustration of the delicacy of the method — that it was 
possible to demonstrate and to estimate the transpiration of Echino- 
cactus during the extremely hot and dry climatic conditions of 
June, at a time when the transpiration of all desert plants was very 
feeble. It is of interest to observe that the cobalt nitrate method 
as employed to demonstrate transpiration was quite ineffective as 
a means of showing any transpiration of the plant. 

g. Finally the convenience with which the apparatus may be 
transported may be mentioned. This feature makes it possible to 
extend the work into out-of-the-way places, as for example, to 
study the effects of altitude on the rate of transpiration when the 
experiments have to be carried on in the mountains. As a single 
instance of this use of the method the following may be given: 
Some experiments on Helenium Hoopesti were performed at differ- 
ent altitudes in the Catalina Mountains, which are not far distant 
from the laboratory but which are rough and rather difficult to 
enter. <A portion of the experiments were conducted at an altitude 
of 7,600 feet and a portion at an altitude of 9,150 feet. The 
general result of these studies may be summed up by the state- 
ment that they tended to support the view that the altitude directly 
affects the rate of transpiration, which in the present case was 
greater at the higher altitude. 


DESERT BOTANICAL LABORATORY OF THE 
CARNEGIE INSTITUTION. 




















The fruit of Opuntia 
JAMES ARTHUR HARRIS 


In the Bulletin of the Torrey Botanical Club for May, 1905, 
Professor Toumey * presents notes on the fruits of some species 
of Opuntia. No reference to the literature appears, and this cir- 
cumstance, in connection with the conclusions drawn from his ob- 
servations, seems to justify a brief staternent of similar observa- 
tions which have been made upon Opuntia and other genera of the 
Cactaceae, and some remarks upon his conclusion. Noattempt at 
a complete bibliography is contemplated. 

The writer first considers the dissemination of O. fulgida, and 
concludes that it is accomplished largely by vegetative means, 
through the densely spiny and brittle terminal branches ; and that 
the pendulous clusters of spineless, succulent fruit, which remain 
for many months on the tree and in easy reach of cattle and other 
large grazing animals to which it is very attractive, are all impor- 
tant factors in vegetal dissemination, and that this acquired func- 
tion of the fruit is gradually influencing its character and its form. 
“It is certainly changing from its original seed-bearing condition 
to one of sterility. * * * Plants of this species are occasionally 
observed bearing clusters of short, spineless branches which exter- 
nally closely resemble the clusters of proliferous fruits. These 
clusters of branches serve the same purpose as the fruits in attract- 
ing animals. It is possible that they have developed because of 
the intimate relation between animal life and vegetal dissemination.” 

The writer then refers to a number of species, as O. fetracantha, 
O. leptucaulis and O. arbuscula, in which many short, tumid, lat- 
eral branches not much larger than the fruits are produced in 
abundance during dry and adverse seasons, while under more 
favorable conditions they are almost entirely replaced by fruit. 

Propagation and distribution in a vegetative manner is un- 
doubtedly of great importance in Opuntia and has occupied the 
attention of several writers. Goebel refers to several species.t 

* Toumey, J. W. Bull. Torrey Club 32: 235-239. p/. g, 70. 1905. 


+ Goebel, K. Pflanzenbiologische Schilderungen 1: 70-72. 1889. 
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Mammillaria gracilis produces small, nearly spherical, lateral proc- 
esses of the size of a hazel-nut, which are readily detached, even 
by a dash of water, or may easily cling to animals. On O. graci/is, 
according to him, one rarely finds flowers and still more rarely 
fruits; the plant depending apparently entirely upon the brittle 
branches, which may even be broken off by the wind, for propa- 
gation. He also mentions O. curassavica, O. Biglowtit and O. 
aurantiaca as forms in which the easily detached branches readily 
take root and reproduce the plant. 

More recently Toumey himself has published * upon vegetal 
distribution in Opuntia and finds that of fourteen species of Cy/in- 
dropuntia examined in the field all are more or less adapted for 
dissemination in this manner. The fruits of the larger number of 
the species are not sterile, but ‘‘as a generalization it may be 
stated that with this great group of plants the adaptations for 
vegetal dissemination are inversely as their seed production.” 

In a general study of vegetative distribution among plants, Ter- 
racciano pays particular attention to the Cactaceae,+ confining his 
observations especially to Opuntiae which he was able to observe 
under cultivation. He recognizes four types of vegetative repro- 
duction and dissemination in the genus and adduces several illus- 
trations of each. 

As to Toumey’s conclusions concerning vegetative dissemi- 
nation, there can be no question of the importance of vegetative 
propagation in the Cactaceae, and we may possibly regard some of 
the structures described as adaptations which have arisen because 
of their usefulness to the species. At the present time perhaps 
the tendency is to place too little rather than too much weight 
upon the idea of adaptation, but it seems that much more evidence 
should be assembled before the suggestion, that the pendant groups 
of fruits or the spineless branches resembling them have devel- 
oped because of the intimate relation of animal life and vegetal 
dissemination, can be admitted even into ecological theory. 

The conclusions concerning the fruit are as follows ; 

1. The fruit of Opuntia is caulome in structure. 

2. Its caulome nature is probably of recent development. 


* Toumey, J. W. Bot. Gaz. 20: 356-361. 1895 
+ Terracciano, A. Cont. alla Biol. Veg. 3: 52-59, 67-68. 1892. 
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3. It has become caulome by its once superior ovary receding 
into a vegetative branch, thus making it at present inferior. 

4. The branch which now becomes the ovary is usually modi- 
fied and ripens into the structure which we term the fruit; it may 
however become but little modified, resembling the ultimate 
branches and continuing as a vegetative part of the plant. 

The first of these conclusions may be freely admitted in so far 
as any fruit developing from an inferior ovary is to be regarded as 
caulome. In the Cacfaceae the similarity of the portion of the 
fruit derived from the receptacle to the vegetative shoot is greater 
than in many other forms with an inferior ovary, and the terato- 
logical literature affords many illustrations of even more striking 
resemblance than those furnished by the normal structures. It 
seems however unnecessary to discuss all the teratological evi- 
dence,* since the case is one largely parallel with that of replace- 
ment of floral organs by foliage leaves. If one accepts the latter 
as proof that the elements of the flowers are derived from foliage 
leaves, he will also regard the fruit of Opuntia as derived from the 
vegetative branch. 

The proposition that the fruit of Opuntia is caulome in struc- 
ture is by no means new. It would require an unprofitable 
amount of labor to try to locate the first suggestion to this effect, 
but it was certainly more than fifty years ago. 

The second statement, that the caulome nature of the fruit is 
probably of recent development, seems to be open to question. 
It may be quite true, but no valid evidence is offered in support 
of it. So far as I am aware the embryological investigations offer 
no evidence in favor of this point, and our knowledge of the rela- 
tionships of the Cactaceae is too obscure to permit of valid deduc- 
tions without an examination of all accessory data. It is, however, 
a quite general opinion that the Cac/accae as a group is of recent 
origin, but the relationships of the groups are very uncertain. 

The third assertion, that the fruit has become caulome by its 
once superior ovary receding into a vegetative branch, thus making 
it at present inferior, is also much in need of supporting evidence. 
Here again the evaluation of teratological evidence for special 
morphological conclusions must largely decide the problem. 


* For much of which the reader will consult Penzig’s Pflanzenteratologie. 














534 HARRIS: THE FRUIT OF OPUNTIA 


Those who have had much experience with teratological material, 
however, will be exceedingly cautious in attaching the significance 
which Professor Toumey does to the one enlarged pistil contain- 
ing seeds and which has assumed the color of a fruit. Further- 
more it hardly need be pointed out that the derivation of a portion 
of the inferior ovary from the receptacle of the flower, a structure 
caulome in nature, removes the necessity of accounting for the 
structure of the fruit by assuming that the ovary has receded into 
a vegetative branch. 

We may examine a few of the published discussions bearing 
upon this point. 

Ramirez * has published descriptions and excellent colored 
plates of three malformations in the fruits of Opuntia. After a 
considerable discussion of the morphological nature of the inferior 
ovary he takes up the three deviations observed. 

The first case, as he describes it, is one of fusion, consisting of 
a cladode, or joint of the shoot, bearing at the tip a mature red 
fruit which, instead of being articulated with the stem as is ordi- 
narily the case, is continuous with it, the two regions being sepa- 
rated merely by a slight constriction of a whitish instead of green 
or red color; the whorls of spines and the cushions which they 
subtend are continuous in the two portions of the structure under 
consideration. 

The second case is one designated as the inclusion of a fruit in 
a cladode which is somewhat thicker in the middle and on one 
side, but except for this and the presence of the scar at the apex 
and the more or less normal ovary inside closely resembles one of 
the familiar vegetative joints. 

The third case is one of “lateral proliferation of the fruit’’ in 
which a large number of fully developed fruits are borne upon the 
side of another. 

The interpretation which Ramirez has to suggest for these 
anomalies has, it seems to me, much to commend it. He consid- 
ers that the ovaries originate in a normal manner, but that in cer- 
tain regions they undergo a slight modification and that, due to the 
hereditary tendency of Opuntia to form cladodes, the ovary is more 
or less completely transformed into structures resembling the 


* Ramirez, J. Anales Inst. Méd. Nac. 3: 223-227. pl. 5-7. 1897 


/ 
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joints of the stem. It will be seen that the nomenclature used by 
Ramirez is not in accord with his explanation, a point of minor 
importance, however. The second case described by Ramirez, 
and the one upon which he largely bases his interpretation of the 
first two cases described, is clearly identical with that illustrated 
by Toumey (/fgs. 77 and 72) as occurring in O. Engelmanni as 
well as a number of other species. 

The fruit of Opuntia Ficus-indica, *‘ wholly enclosed in one of 
the well-known flat branches of this plant,’’ described and figured 
by Ernst,* is in all probability identical with the forms figured by 
Ramirez and Toumey. Masters + supposes that this case is analo- 
gous to the fruit of Cereus described by Zuccarini. 

This brings us to the consideration of certain interesting anom- 
alies in Cereus. In this genus the flowers are normally lateral but 
occasionally those which are terminal have been observed, as in C. 
azureus, C. caerulescens, C. serpentinus, C. speciosissimus and C. 
splendidus. 

Penzig in his Pflanzenteratologie remarks that when the flowers 
occupy a terminal position, “sie sind dann meist mehr oder min- 
der tief in die Sprossspitze eingesenkt.”’ 

The figures which I have examined represent the flower or 
the fruit as produced directly from the apex of the main axis. 
Particularly interesting are the description and figure given by 
Zuccarini,{ in which a longitudinal section representing the course 
of the vascular bundles is shown. 

In the large collection of succulents at the Missouri Botan- 
ical Garden I have been able to examine several of the cases 
which have been described im the literature, and Mr. Thompson 
called my attention to a large specimen of C. daxaniensis with sev- 
eral terminal fruits, one of which had other flowers developing 
from the side. A section of one of these fruits showed it to be 
sterile. In these cases the meristematic region of the stem prob- 
ably gave rise immediately to floral organs instead of continuing 
its growth as a vegetative shoot; this has given rise to the impres- 
sion that the flower or fruit is sunken in the tip of the axis. This 
explanation may perhaps also apply in some cases to the fruits of 


* Ernst, A. Nature 27: 77. 1883. 


‘/ 


+t Masters, M. T. Nature 27: 126. 1883. 
t Zuccarini, J.G. Abh. Akad. Wiss. Miinchen 4': 155-161. p/. s-2. 1844. 
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Opuntia which resemble cladodes, but the other explanation seems 
the more plausible. 

In view of the arguments presented above, the fourth conclu- 
sion should be modified to read: ‘‘ The ovary of Opuntia usually 
ripens into a fruit-like structure, but it may become modified, as- 
suming the features of a vegetative stem, persisting as a vegetative 
part of the plant and producing flowers or vegetative branches, 
or becoming detached it may serve as an organ of vegetative re- 
production. In many cases the ovules are few or quite abortive, 
while the portion of the ovary which may be described as caulome 
in nature persists in the form of a vegetative branch.”’ 

In conclusion Professor Toumey remarks : 

‘The adverse environmental conditions under which Opuntia 
grows is ample reason for this interesting evolution. The ovary 
which was once superior has gradually become more and more 
depressed until now it is entirely enclosed in the fleshy branch.”’ 

Ganong * suggests the question as to whether there may be a 
biological reason for the extremely ‘ inferior’’ nature of the ovary. 

It would be highly interesting if such a character as the inferior 
or superior nature of the ovary could be accounted for as a result 
of physical environmental conditions, but unfortunately the evi- 
dence is entirely inadequate for any such conclusions. Very fre- 


gical 


quently, as a teratological phenomenon and under physiolo 
conditions for the most part but little understood, a primordium 
which would normally have developed into a sepal or petal or 
stamen or carpel, gives rise to any one of the others or to a foliar 
leaf with the peculiarities of the species. It is not at all remark- 
able, then, that an inferior ovary should sometimes give rise to 
leaves or lateral appendages or exhibit other peculiarities of the 
stem. Of this a larger series of illustrations from various forms 
might be given. The nature of the vegetative shoot in the Cacta- 
ceae only makes the condition found in the fruit more striking. 


THe Lisprary, Missourt BoTANICAL GARDEN. 


*Ganong, W. F. Bot. Gaz. 20: 213. 1895. 











Studies on the flora of Southern California 


LeRoy ABRAMS 


Hookera multipedunculata sp. nov. 

Bulbs 2-2.5 cm. broad: scapes several, ascending, 8-15 cm. 
long, the upper three fourths being exposed above the ground, 1 
mm. in diameter: leaves equaling or exceeding the scapes, 5 mm. 
broad, conduplicate: umbels 5-—13-flowered: bracts several, 5 
mm. long: pedicels 2-3 cm. long: perianth funnelform, 15 mm. 
long, rose-purple, its segments g-10 mm. long, the outer lanceo- 
late, the inner slightly broader: staminodia wanting ; stamens 3 ; 
filaments 3 mm. long; anthers 5 mm. long: style 6 mm. long: 
mature capsule oblong-obovate, 5 mm. long. 

Closely related to H/. filifolia (S. Wats.) Greene, but distin- 
guished by the absence of staminodia and by the stalked rather 
than sessile anthers ; the bracts are also much less conspicuous. 

Growing in heavy soil near Cuyamaca Lake, San Diego 
County, Aérams 3897, June 25, 1903. The type of this, as well 
as those of the following new species, is in the Herbarium of the 
New York Botanical Garden. 


Abronia pinetorum sp. nov. 

Apparently perennial, from a rather thick, fleshy tap-root ; 
stems branching from the base, ascending or prostrate ; herbage 
glandular-villous throughout: petioles slender, 1-3 cm. long; 
blades thickish, mostly ovate, obtuse or rounded at apex, cordate 
or rounded at base, 1-2 cm. long: peduncles 3-6 cm. long: in- 
volucral bracts ovate-lanceolate, 5-7 mm. long, acuminate : peri- 
anth bright rose-purple; tube slender, 2 cm. long; lobes 5-7 
mm. long, rather deeply lobed: wings of fruit rounded at apex 
and but little prolonged above, forming a broad shallow sinus. 

Open pine forests, Thomas Valley, San Jacinto Mountains, 
Hall 2166, June, 1901. 


Abronia aurita sp. nov. 


Herbage glandular-villous; stems prostrate or nearly so: pet- 
ioles 1-3 cm long; blades rather thin, ovate, 15-40 mm. long, 
oblique at base, margins wavy-crenate : peduncles 4-7 cm. long: 
bracts narrowly lanceolate, long-acuminate, 1 cm. long: flowers 


mostly about 20: perianth rose-colored ; tube 2 cm. long; lobes 
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5-6 mm. long, rather deeply lobed : wings of fruit obtuse at apex, 
much prolonged above forming a deep rather narrow sinus. 

The narrow bracts and peculiar wings, which resemble the 
ears of a coyote, distinguish this best from the preceding species ; 
while the larger flowers readily distinguish both from A. villosa 
S. Wats., with which they have been confused. 

Palm Springs, S. B. Parish 4138, April, 1896 (type); open 
sandy plain, Riverside County, Grant 4444, 1901; vicinity of 
Winchester, Hal/ 29175, no date. 


Delphinium Cuyamacae sp. nov. 


Root rather stout, fasciculately branched 3-5 cm. below the 
surtace, the branches not at all fusiform: stem erect, simple or in 
large specimens with one or two short slender flowering branches 
from near the base of the raceme, rather stout and somewhat fis- 
tulous below, 4-6 dm. high, pale-green and cinereous with a fine 
close puberulence: basal leaves on very stout cinereous-puberu- 
lent petioles 6-g cm. long, dissected into rather broadly linear 
lobes, 2.5—3 cm. broad, densely puberulent beneath, less so above ; 
stem-leaves on closely erect stoutish petioles, similar to the basal 
but becoming smaller and more dissected : raceme simple, narrow, 
rather dense above, the lower scattered flowers on pedicels about 
2 cm. long, the upper ones on pedicels about I cm. long: sepals 
purple, puberulent without, the lower oval, 8 mm. long, the lat- 
eral broadest above the middle, acutish, slightly exceeding the 
lower ; spur straight or nearly so, 3-4 mm. longer than the blade 
and about 2 mm. broad at the upper end, gradually tapering : 
lower petals rose-purple, their claws slender, 6 mm. long, the 
blades rounded in outline, 5 mm. broad, usually cleft to the 
middle, ciliate on the margin and with a tuft of whitish hairs on 
the back; upper petals purple except the lower whitish margin, 7 
mm. long, 3 mm. broad at the oblique apex: ovary and imma- 
ture capsules nearly glabrous: mature fruit not seen. 

Apparently closely related to D. Hanseni Greene, from which 
it is best distinguished by the character of its pubescence and 
purple flowers. 

On grassy slopes bordering Cuyamaca Lake, altitude 1550 


meters, San Diego County, Aérams 3888, June 26, 1go2. 


Acrolasia Davidsoniana sp. nov. 
Stems slender, erect, simple below, 3-4 dm. high: leaves lin- 
ear or linear-lanceolate, 1-3 cm. long, entire: flowers in clusters 
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of 2-4, terminating the rather few ascending branches : bracts ob- 
lanceolate or spatulate, entire above or shallowly toothed, scarious 
below, viscid-pubescent, ciliate on the margins : hypanthium 8-10 
mm. long: sepals triangular-lanceolate, 1 mm. long: petals obo- 
vate, 2 mm. long. 

Much less branched than A. congesta (Nutt.) Rydb.; flower- 
clusters not so large; bracts and calyx-lobes only half the size. 

Summit of Mt. Wilson, Aérams 2580, June 30, 1902 (type); 
along cafions at 1800-2000 meters altitude, San Antonio Moun- 
tains, Hall 1228, June 18, 1899, in part. Reported from Mt. 
Wilson by A. Davidson (Bull. So. Calif. Acad. 4: 40. 1905), 


under the name Mentsclia congesta. 


Sphaerostigma pallidum sp. nov. 


Annual; stems branching from the base, slender, 1-2 dm. 
long, sparsely puberulent: leaves canescent with a fine appressed 
pubescence, the basal ones narrowly oblanceolate, tapering to a 
long petiole, 4-6 cm. long, 3-4 mm. broad, those of the stem lin- 
ear-lanceolate, 2-3 cm. long: flowers scattered along the stems 
from the very base: calyx-lobes silky, 3 mm. long: petals pale- 
yellow, about 5 mm. long, turning reddish with age: stamens and 
style about half the length of the petals: capsule slender, atten- 
uate at apex into a short beak, more or less contorted, 2—2.5 cm. 
long, 1 mm. broad. 

This species is of the S. drstortum group, but is readily distin- 
guished by its fine appressed pubescence, being not at all hirsute. 

Apparently confined to the desert slopes, the following speci- 
mens being before me: Palm Springs, Parish, April, 1896 ; Coyote 
Canon, Hall 2791, April, 1902; Cabazon, Aérams 3228, April 6, 
1903 (type). 

Godetia delicata sp. nov. 

Stem erect, slender, simple or branching, 3-6 dm. high : leaves 
linear, slightly sinuate-toothed, puberulent on the margins, other- 
wise glabrous, 2-4 cm. long, 3-6 mm. wide: flower: scattered ; 
buds nodding, somewhat obovate when well developed, 8-10 mm. 
long, these and the sessile hypanthium minutely puberulent : 
calyx-lobes adherent, turning to one side, not reflexed: petals 
pink, 15 mm. long, 8 mm. wide at the abruptly rounded apex, 
tapering to the base, becoming narrow and claw-like below: 
stamens opposite the petals g mm. long, their anthers whitish, 4 
mm. long, those alternate with the petals 12 mm. long, their 


anthers bright-red, 6 mm. long : style slender, 10 mm. long ; stigma- 
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lobes broadly obovate, 1.5 mm. long: capsule sessile, linear, quad- 
rate, 2 cm. long, 2 mm. broad, slightly sulcate between the angles 
at the insertion of the placentae when dry, not at all costate, taper- 
ing at the apex into a beak 2-3 mm. long. 

This species is nearest G. epilobioides (Nutt.) S. Wats., but that 
has pedicellate capsules, smaller cream-colored obovate petals, and 
smaller yellowish anthers. 

Frequent on shady slopes between Potrero and Campo, San 
Diego County, Adrams 3770, June 3, 1903. 


Jf 


Gilia caruifolia sp. nov. 


Annual ; stem erect, 3-6 dm. high, paniculate-branched above, 
the ultimate branches numerous, almost capillary, beset with tack- 
shaped glands, stem otherwise glabrous: basal leaves pinnate, the 
pinnae pinnatifid; lobes entire or toothed, apiculate, sparsely 
viscid-pubescent ; lower stem-leaves similar but more reduced, 
upper becoming small entire lanceolate bracts : pedicels 5-10 mm. 
long, capillary : flowers solitary : calyx 2 mm. long, white-scarious 
except the midrib, the teeth scarcely equaling the tube, triangular, 
very acute: corolla pink; tube slender, 2.5-3 mm. long, slightly 
exceeding the calyx ; limb funnelform ; lobes ovate, 2.5 mm. long : 
filaments inserted about 1 mm. below the sinuses, equaling the 
corolla-lobes ; anthers 0.5 mm. long: style 12 mm. long: cap- 
sule oblong, 3-5 mm. long, the seeds about 7 to each cell. 

Distinguished from G. tenuiflora altissima Parish, with which 
it has been confused, by its more diffusely branching inflorescence, 
and short-tubed corolla. 

Cuyamaca Mountains, between Cuyamaca Lake and Oriflamme 
Cafion, Aérams 3940, June 28, 1903 (type); Palomar Mountain, 


altitude 1600 meters, Chandler 5377, July 6, 1904. 


Diplacus aridus sp. nov. 


Low glutinous shrub, 2-4 dm. high, the leaf-bearing branches 
stramineous, beset with small sessile resinous glands, otherwise 
glabrous, densely leafy: leaves pale yellowish-green, lanceolate, 
tapering to a short winged petiole, 2.5-4 cm. long, 7-15 mm. 
broad, glabrous except for the sessile glands on lower surface, the 
margins revolute, remotely and obscurely toothed: flowers on 
pedicels 6 mm. long: calyx 3 cm. long, strongly inflated above, 
rather abruptly narrowing to a tube 12 mm. long, its teeth un- 
equal, the larger 8 mm. long: corolla pale buff-colored, 4.5—5 cm. 
long, the long slender tube exceeding the calyx ; lobes thickish, 
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those of the upper lip 5 mm. long, 7 mm. broad, shallowly 


toothed, those of the lower lip 4 mm. long, 5 mm. broad, slightly 
lobed or entire. 

The peculiar calyx and long slender corolla-tube, as well as 
the pattern of the lobes, readily distinguish this species from all 
the other members of the genus. 

Growing on dry rocky ridges at Jacumba, near the boundary 


monument, Aédrams 3656, May 31, 1903. 


Wyeruia ovata T. & G. Emory’s Rep. 143. 1848 


WW. coriacea A, Gray, Proc. Am. Acad. 11: 77. 1878. 
Not I!’. ovata A. Gray, Proc. Am. Acad. '7: 357. 1868. 

Emory’s material, according to the label on the type in the 
Herbarium of Columbia University, was collected on “ Dec. 4, 
1846."’ Turning to Emory’s notes on page 107 of the work cited 
above, we find that the expedition of which he was a member left 
Warner's Ranch on the morning of this date, and pitched camp, 
“after marching 13% miles, in the valley of Rio Isabel, near the 
rancheria of Mr. Stokes, formerly the mission of Saint Isabel.”’ 
IV. cortacea was based on specimens collected by Dr. Palmer “ on 
the Mesa Grande, 70 miles north-east of San Diego.” As the 
Mesa Grande lies between Warner's Ranch and San Isabel, and is 
traversed by the old Fort Yuma and San Diego road, it is clearly 
evident that the two series of specimens were collected in the same 
region. And acomparison of the specimens proves them to be 
identical. 

The taking up of this name by Dr. Gray in the Synoptical 
Flora for his own W. ovata of northern California was unquestion- 
ably ill-advised. 


New YorK BOTANICAL GARDEN. 




















Agropyron tenerum and its allies 


CHARLES VANCOUVER PIPER 


AGROPYRON TENERUM 

Much confusion has prevailed in regard to Agropyron tenerum 
Vasey, and the supposedly different A. pseudorepens Scribn. & 
Smith and A. Novae-Angliae Scribn. 

The problems surrounding these three supposed species can 
perhaps best be made clear by a consideration of the type speci- 
mens upon which they are based, discussing only such points as 
have been used in the segregation of the supposed different species 
and subspecies. All are tall densely cespitose grasses, which only 
rarely produce stolons. 

AGROPYRON TENERUM Vasey, Bot. Gaz. 10: 258. 1885. 

The type of this is from Fort Garland, Colorado, collected by 
Dr. Geo. Vasey. The specimen is about go cm. tall, with rather 
short, narrow, slightly scabrous, involute leaf-blades, and slender 
spikes 10-15 cm. long, with small appressed spikelets. The 
joints of the rachilla are appressed-puberulent. The lowermost 
sheaths are slightly puberulent. 


AGROPYRON TENERUM MAJUS Vasey, Contr. U. S. Nat. Herb. 1: 

280. 1893. 

Type from Oregon, probably Union County, Cusick 1134, col- 
lected in 1884. 

This differs from the type of A. fenerum only in having flat 
leaf-blades, scabrous on both sides, 3-6 mm. broad, and some- 
what stouter denser spikes 12 cm. long. 


AGROPYRON TENERUM LONGIFOLIUM Scribn. & Smith, U. S. Dept. 

Agr. Div. Agrost. Bull. 4: 30. 1897 

The type of this is Howell’s noe. 256, collected near Grant's 
Pass, Oregon, in 1887. It is characterized by rather long, loosely 
involute, quite smooth leaf-blades, and inordinately loose spikes, 
20-25 cm. long. The rachilla is appressed-puberulent. The 
short awns are better developed than in the types of A. tenerum 
or A. tenerum mayzus. 
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AGROPYRON TENERUM CILIATUM Scribn. & Smith, U. S. Dept. 

Agr. Div. Agrost. Bull. 4: 30. 1897. 

The type of this is from Duluth, Minnesota, collected by Dr. 
Geo. Vasey, August 1, 1880. It is characterized by rather thin 
and smooth leaf-blades 4-6 mm. broad, and pubescent sheaths. 

The rachilla of this type is quite hairy, but it may here be re- 
marked that the character of hairy sheaths is not constantly asso- 
ciated with that of hairy rachilla. Several of the specimens re- 
ferred to A. ciliatum by Scribner & Smith on account of the hairy 
sheaths have appressed-puberulent rachillae. 

The name ct/atum is preoccupied in A. Richardsonw ciliatum 
Scribn. & Smith, U. S. Dept. Agr. Div. Agrost. Bull. 4: 29. 
1897. 

AGROPYRON PSEUDOREPENS Scribn. & Smith, U.S. Dept. Agr. Div. 

Agrost. Bull. 4: 30. 1897. 

No type of this species was indicated either in the original 
publication, or in the herbarium, by its authors. The first cited 
specimen, and therefore the type, is from Texas, collected by 
Neally in 1889. This is quite the same as the type of A. ¢enerum, 
with slightly longer and less involute blades, and a rather loose 
spike. 

The specimen from which the fg. 592 (U. S. Dept. Agr. Div. 
Agrost. Bull. 1'7:) was drawn, is Rydberg’s 20/8 from Kearney, 
Nebraska. This has flat blades, 4-7 mm. broad, and rather stout 
spikes 10-12 cm. long. The rachilla and the callus of this are 
hirsute. 

Neither of these specimens have rootstocks, nor extra- vaginal 
innovations, nor, indeed, do any of the specimens cited in the 
original description. 

AGROPYRON PSEUDOREPENS MAGNUM Scribn. & Smith, U. S. Dept. 

Agr. Div. Agrost. Bull. 4: 30. 1897. 

The type specimen is Rydberg’s 2go07 from Enterprise, Col- 
orado, collected August 19, 1895. It is characterized by its 
robust size, 1-1.5 m. high, broad flat leaves, stout spikes and large 
spikelets. These differences may all be due primarily to vegeta- 
tive vigor. The rachilla is appressed-puberulent. 

AGROPYRON NOVAE-ANGLIAE Scribn. in Jones, Contr. Bot. Ver- 


mont 8: 103. 1903. 
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Type specimen collected on Willoughby Mountain, Vermont, 
by Grout & Eggleston, July 2, 1894. 

This plant is about go cm. high, has flat blades, scabrous on 
both sides, smooth sheaths, rather slender spikes 10-17 cm. long, 
and hairy callus and rachilla. 

The tall habit and longer leaf-blades are relied upon by the 
author of the species to distinguish it from A. violaceum Lange, 
and the broad leaves and hairy rachilla from A. fenerum Vasey. 

It will be noted that the types of two of the above plants, 
namely A. fenerum ciliatum and A. Novae-Angliae, have hairy 
rachillae ; the remainder have the rachilla merely puberulent. 

Taking these characters which have been pointed out and 
relied upon as distinctive, the following classification is possible, 
based partly on general interpretation, partly on types. 

Rachilla hairy. 

Sheaths pubescent. A. tenerum ciliatum 

Sheaths smooth. A. Novae-Angliae. 
Rachilla scabrous or puberulent. 

Sheaths pubescent. Unnamed. 

Sheaths smooth. 

Leaf-blades narrow or involute; spike slender. 

Spike 10-15 cm. long; leaf-blades rathershort. 4. ¢enerum. 

Spike 20-25 cm. long; leaf-blades long. A. tenerum longifolium. 
Leaf-blades flat, spike a little stouter. 

Stems 30—100cm. high; blades 12-20 cm. long. A. pseudorepens. 

Stems 100-150 cm. high; blades 20-30 cm. 


long ; spike very stout, somewhat one-sided. A. pseudorepens manum. 


Such a classification is quite artificial. The leaf-blade charac- 
ter seems entirely worthless, as all possible intergrades occur in 
large percentage. 

To determine the value of the hairy-rachilla character all the 
specimens with this peculiarity were selected from among the 
specimens labelled A. tenerum and A. pseudorepens, about one- 
fourth of each being thus distinguished. Comparatively little 
difficulty was experienced in deciding between appressed-puberu- 
lent and hirsute rachillae, but nevertheless puzzling intermediates 
occur. 

The specimens thus selected showed all the variations as to 
leaf-blades and habit shown by the remainder, and furthermore 


the two lots were practically coextensive in distribution. 
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We were quite unable to find any other character associated 
with a hairy rachilla, and therefore believe it to be wholly illusive 
as a specific distinction. 

The multiplying of names based on varying combinations of 
these slight characters seems to us undesirable. We would inter- 
pret the value of these characters practically by the following 
arrangement : 

A. TENERUM Vasey. 

A. tenerum majus Vasey. 
A. pseudorepens Scribn. & Smith. 
A. Novae-Angliae Scribn. 
A. tenerum trichocoleum nom. nov. 
A. tenerum ciliatum Scribn. & Smith. 

A. TENERUM LONGIFOLIUM Scribn. & Smith. 

A. tenerum magnum (Scribn. & Smith). 

A. pseudorepens magnum Scribn. & Smith. 


AGROPYRON BIFLORUM 


AGROPYRON BIFLORUM (Brign.) R. & S. Syst. 2: 760. 1817. 
Triticum biflorum Brign. Fasc. Rar. Pl. Foroj. 18. 1810. 
Triticum violaceum Hornem. Fl. Dan. p/. 20¢4. 1832. 
Agropyron violaceum Lange, Consp. Fl. Groenl. 155. 1880. 
Following Ascherson & Graebner (Syn. FI. Mitteleur.), we 

take up the above older name for what has usually been called 

Agropyron violaceum. This species is distinguished with some 

difficulty from A. fenerum. The characters of the two species 

may be thus contrasted : 

A. biforum: Florets 2-5; lower empty glume usually 3- 
nerved ; flowering glume usually broadest above the middle, 
rather soft in texture ; joints of the rachilla usually hairy ; spikes 
dense, seldom exceeding 4 cm. in length; leaf-blades flat, soft, 
usually short and rather broad ; upper sheaths often inflated. 

A. tenerum: Fiorets 3-7; lower empty ,lume usually 5- 
nerved ; flowering glume usually broadest below the middle, firm 
in texture ; joints of the rachilla usually puberulent ; spikes often 
loose, usually 5-20 cm. long; leaf-blades flat or involute, elon- 
gate ; upper sheaths not inflated. 


None of the above differences is constant, but they serve fairly 
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well to distinguish the species. The material from the Rocky 
Mountains at rather high elevations is, however, especially puzzling, 
apparently completely connecting the two species. 

We would refer A. drevifolium Scribn. to A. biflorum. 

The two subspecies of A. di#orum described by Scribner & 
Smith are readily distinguishable, and perhaps worthy of specific 
rank. They are Agropyron biflorum latiglume (4. violaceum 
latiglume Scribn. & Smith, U. S. Dept. Agr. Div. Agrost. Bull. 
4: 30. 1897) with the flowering glumes short-pubescent, and 
Agropyron biflorum andinum (A. wolaceum andinum Scribn. & 
Smith, /oc. cit.) with the flowering glumes long-awned. 


BUREAU OF PLANT INDUSTRY, 


UNITED STATES DEPARTMENT OF AGRICULTURE. 























The desmid flora of Nantucket 


JosEPH AUGUSTINE CUSHMAN 


The island of Nantucket, from its location some little distance 
off the coast of Cape Cod, and its many large ponds, seems to be 
worthy of an investigation in the line of its microscopic flora. It 
is essentially a sandy soil that characterizes the island, and accord- 
ing to previous work on this group of plants a rich flora was not 
expected, loose sandy soil usually not being rich in desmids com- 
pared toa rocky region. The ponds of the island are open to 
the sunlight in all their parts, for trees are not a Nantucket char- 
acteristic. They are therefore well lighted in the shallow water 
from which the collections here worked up were taken. For an 
opportunity to study the contents of these ponds and swamps I 
have to thank several members of the Nantucket Maria Mitchell 
Association who very willingly undertook the task of collecting 
from the various ponds of the island. In all nearly fifty bottles 
of material were collected, from the last of April to the first week 
of June being the range of dates. The whole number of species 
(over fifty) may not seem very large, but many of the forms were 
very common and well scattered over the island. Certain of the 


forms are new to the New England flora and such are starred. 


MEsSoTAENIUM Nag. 1849 

M. mAcrococcum (Kiitz.) Roy & Biss. Lat. 18 #: long. 38 y. 

Gibb’s Pond. 
CytinprocystTis Menegh. 1838 

C. BreBissoni! Menegh. Long. 50: lat. 18. Tom Never’s 
Pond. 

C. BREBIssONI MINOR W. & G. S. West. Long. 32: lat. 
124. Great Miox’s Pond. 


Netrium Nag. 1849 
N. Dicitus (Ehrenb.) Itzigs. & Rothe. Long. g9g—186 p: lat. 
med. 34-65: apex 14-214. Gibb’s Pond, Wigwam Pond, 
Almanac Pond. 
549 
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Pentium Breb. 1844 
P. PHyMATOSPORUM Nordst. Long. 35-40 : lat. 15.5-16.5 #: 
lat. isthm. 13.5. Tom Never’s Pond, pond near Old North 
Cemetery. 
CiosTeriuM Nitzsch. 1817 
C. cosratum Corda. Long. 280: lat. 26m: apex gy. 
Imanac Pond. Small. 

C. srrioLtatumM Ehrenb. Long. 200-450: lat. 18-324: 
apex 10. Bog pond near Old North Cemetery ; also Almanac, 
Pest House and Squam Ponds. 

C. 1ncurvumM Bréb. Long. 62: lat. 11. Gibb’s and Al- 
manac Ponds. 

C. Venus Kitz. Long. 804: lat. 1o4. Wigwam, Pest 
House and Squam Ponds. 

C. Leisctemnut Kiitz. Long. 112-190: lat. 19-34: apex 


3.5-5 4. Hummock and Copaum Ponds. 


tu 
N 
vr 
~ 
~~ 


C, MONILIFERUM (Bory) Ehrenb. Long. lat. 46 p. 
Pest House Pond. 

C. ACEROSUM ELONGATUM Breb. Long. 500: lat. 37 #: apex 
5. Lily Pond Ditch. 

*C. LUNULA INTERMEDIUM Gutw. Long. 440: lat. 65: 
apex 124. Gibb’s Pond. 

C. aBruptumM West. Long. 200: lat. 1 
Gibb's Pond. 

C. pecoruM Breb. Long. 375 mu: lat. 25 #: apex 8.5 4. Gibb’s 


Pond. 
C. seTaceuM Ehrenb. Long. 235 : lat.6 4. Almanac Pond. 


tf; apex Oy. 


uw 
vu 
“— 


PLEUROTAENIUM Nag. 1849 
P. EHRENBERGII (Breb.) DeBary. Long. 38 f: lat. bas. 25 p: 
apex 20. Wigwam and Almanac Ponds. 
P. TRABECULA (Ehrenb.) Nag. Long. 400”: lat. 37 4: apex 


24. Gibb’s Pond. 


TetmMemorus Ralfs. 1844 
T. GRANULATUs (Breb.) Ralfs. Long. 146: lat. 344. Wig- 
wam and Almanac Ponds. 
T. LAEViIs (Kitz.) Ralfs. Long. 70-go: lat. 21-224. Lily 


Pond Ditch ; Copaum and Tom Never’s Ponds. 
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EvuAstruM Ehrenb, 1832 
E. pIpELTA (Turp.) Ralfs. Long. 125 #: lat. 65 ~: lat. lob. 
pol. 26m: isthm. 18 4. Gibb’s Pond. 
E. AFFINE Ralfs. Long. 112: lat. 68m: lob. pol. 282: 
isthm. 194. Wigwam Pond. 
E. PINNATUM Ralfs. Long. too“. Wigwam Pond. 
E. ABRUPTUM forma mINOR W. & G. S. West. Long. 25-3: 


ae 


we: lat. 224: lob. pol. 14: crass. 14: isthm. 4.5 4. Gibb’s 
and Wigwam Ponds. 

E. OBLONGUM (Grev.) Ralfs. Long. 160-170 m: lat. 72-844: 
lob. pol. 45-47 #: isthm. 20-23. Hummock Pond and pond 
near Old North Cemetery. 

E. BINALE Ehrenb. Long. Igy: lat. 15.5: lob. pol. 13 4: 
isthm. 3.84. Wigwam and Tom Never’s Ponds. 

E. FissumM W. & G. S. West, forma. Long. 40: lat. 33: 
isthm. 64. Wigwam Pond. 

EK. ELEGANS (Bréb.) Kiitz. Long. 43-48 »: lat. 30-32 4; lob. 
pol. 24-25: isthm. 8. Gibb’s and Tom Never’s Ponds; also 


pond near Old North Cemetery. 


MicrkASTERIAS Ag. 1827 
M. rruncaTa (Corda) Breb. Long. 95 u: lat. 87 4: lob. pol. 
65: isthm. 224. Squam Pond. 
M. AMERICANA RECTA Wolle. Long. 115: lat. goy: lob. 
pol. 56: isthm. 284. Pond near Old North Cemetery. 


CosMARIUM Corda. 1834 

C. ORNATUM Ralfs. Long. 34-48 : lat. 34-36: isthm. 11- 
124. Wigwam and Copaum Ponds. 

C. AMOENUM Breb. Long. 474: lat. 254. Wigwam and 
Almanac Ponds. 

C. TAXICHONDRUM Lund. Long. 44: lat. 42m: isthm. 
2.5. Wigwam Pond. 

C. connatum Bréb. Long. 59: lat. 43: isthm. 4oyn. 
Almanac Pond. 

*C. PHASEOLUM forma ELEVATUM Nordst. Long. 32: lat. 
25: isthm. 8. Great Miox’s Pond. 


C. PYRAMIDATUM Breb. Long. 78-100 7: lat. 50-62 #: isthm. 


Oo 
oe” ¢ 











552 CUSHMAN: DESMID FLORA OF NANTUCKET 


15-164. Bog pond near Old North Cemetery ; Copaum and 
Tom Never’s Ponds. 

*C. pirEMUM Nordst. Long. 13; lat. 12”. Wigwam and 
Tom Never’s Ponds. 

C. INTERMEDIUM Delp. Long. 48: lat. 42: isthm. 14 4. 
Reedy Pond. 

*C. exiguum Arch. Long. 23-24: lat. 13 4: isthm. 3-3.5 
mn. Copaum Pond; also pond near Old North Cemetery. 

*(C. GRANATUM SUBGRANATUM Nordst. Long. 21-23: lat. 
16-17 4: isthm. 3.5—4.5. Copaum, Great Miox’s and Reedy 
Ponds. 

C. Menecuinit Breb. Long. Igy: lat. 15: isthm. 44. 
Great Miox’s Pond. 


XANTHIDIUM Ehrenb. 1834 
X. ANTILOPAEUM (Bréb.) Kiitz. Long. c. spin. 71: s. sp. 


46 w: lat. c. sp. 71: s. sp. 46: isthm. 144. Almanac Pond. 


ARTHRODESMUs Ehrenb. 1838 
A. ocrocornis Ehrenb. Long. c. sp. 25: s. sp. 14/4: lat. 
Cc. sp. 224: s. sp. 14.54: isthm. 4. Almanac and Pest House 
Ponds. 
A. Incus (Breb.) Kitz. Long. s. sp. 25 mu: lat. c. sp. 84: 


S. sp. 22: isthm. 7. Tom Never’s Pond. 


STAURASTRUM Meyen. 1829 

S. MACROCERUM Wolle. Long. 46: lat. c. proc. 864: s. 
proc. 224. Wigwam Pond. 

S. STRIOLATUM Nag. Lat. 28. Wigwam Pond. 

*S. DIsTENTUM Wolle. Lat. c. proc. 344. Pest House Pond. 

S. Lewisit Wood. Long. c. sp. 38: s. sp. Igy: lat. c. sp. 
34: Ss. sp. 15.5: isthm. 4m. Almanac and Wigwam Ponds. 

S. pyGMAEUM Breb. Long. 35: lat. 31m: isthm. tov. 
Gibb'’s Pond. 

S. Ravenetit Wood. Lat. c. sp. 50: s. sp. 45: isthm. 
14. Great Miox’s and Pest House Ponds. 


SPHAEROZOSMA Corda. 1835 


Jd 
S. EXCAVATUM Ralfs. Long. cell. 7.5 4: lat. 7: isthm. 3. 


uw 


pn. Wigwam Pond. 
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ONYCHONEMA Wallich. 1860 
* OQ. SERRATUM (Bail.) Stokes. Long. c. proc. 24: s. proc. 
15.5: lat. c. proc. 25m: s. proc. 1g: isthm. 3.54. Wigwam 
Pond. 
DesmMipium Ag. 1824 


D. Swartz Ag. Lat. filament 37 #. Wigwam Pond. 


GymnozyGa Ehrenb. 1840 
G. MONILIFORMIS Ehrenb. Lat. filament 274. Wigwam 


Pond. 
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The aim of this Index is to include all current botanical literature written by 
Americans, published in America, or based upon American material ; the word Amer- 
ica being used in its broadest sense. 

Reviews, and papers which relate exclusively to forestry, agriculture, horticulture, 
manufactured products of vegetable origin, or laboratory methods are not included, and 
no attempt is made to index the literature of bacteriology. An occasional exception is 
made in favor of some paper appearing in an American periodical which is devoted 
wholly to botany. Reprints are not mentioned unless they differ from the original in 
some important particular. If users of the Index will call the attention of the editor 
to errors or omission their kindness will be appreciated. 

This Index is reprinted monthly on cards, and furnished in this form to subscribers, 
at the rate of one cent for each card. Selections of cards are not permitted ; each 
subscriber must take all cards published during the term of his subscription. Corre- 
spondence relating to the card-issue should be addressed to the Treasurer of the Torrey 
Botanical Club. 


Anderson, J. P. Plants new to the flora of Decatur County, lowa. 
Proc. lowa Acad. Sci. 12: 133-138. 1905. 

Andrews, A. L. Additions to the bryophytic flora of West Virginia. 
Bryologist 8: 63-65. 15 Jl 1905. 

Arthur, J.C. Rusts on Compositae from Mexico. Bot. Gaz. 40: 196- 
208. 155 1905. 
With descriptions of new species in Coleosporium (2), Dietelia(2), Cromy.es, and 


Puccinia (13). 

Bailey, W. W. Stirrings of life. Am. Bot. 8: 49-51. [Ap] 1905. 

Ballard, S. J. A second Vermont station for Arenaria macrophylla. 
Rhodora 7: 156. 5 Au 1905. 

Bessey, C. E. How much plant pathology ought ateacher of botany 
to know? Plant World 8: 189-197. [S] 1905. 

Billings, F. H. Precursory leaf-serrations of U/mus americana. Bot. 
Gaz. 40: 224, 225. f. 7, 2. 15S 1905. 

Blakeslee, A. F. ‘Iwo conidia-bearing fungi. Cunninghame/lla and 
Thamnocephalts n. gen. Bot. Gaz. 40: 161-170. ~/ 6. 155 1905. 

Blanchard, W. H. ‘The yellow-fruited variety of the black raspberry. 
Rhodora 7: 143-146. 5°Au 1905. 

Blodgett, F. H. Fasciation in field peas. Plant World 8: 170-177. 
I. 35-38. [Au] 1905. 
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Borgeson, F. & Jonsson, H. The distribution of the marine algae 
of the arctic sea and of the northernmost part of the Atlantic. Bot- 
any of the Faerées, Appendix, i-xxviii. [Copenhagen, 1905. | 

Bolley, H. L. & Pritchard, F. J. Internal infection of the wheat 
grain by rust —a new observation. Science II. 22: 343, 344. 15 
5 1905. 

Brandegee, T.S. A new Ca/amintha. Zoe 5: 195. 19 Au 1905. 
C. Chandleri sp. nov., from southern California 

Brandegee, T. S. Plants from Sinaloa, Mexico. Zoe 5: 196-210. 
tg Au 1905; 211-226. 29 Au 1905. 

With descriptions of 54 new species in 43 genera. 
Bray, W.L. Vegetation of the sotol country in Texas. Bull. Univ. 
lexas 60: 1-24. pi. J-77. 15 Je 19095. 

Britton, E G. A long lost genus to the United States — Zrpodium 
(Brid.) M.C. Bryologist 8: 71. 15 Jl 1905. 

Britton, N. L. A lost species of Begonia apparently rediscovered. 
Jour. N. Y. Bot. Gard. 6: 146-148. £ 37. S 1905. 

B. rotuntifolia Lam. 

Chittenden, A. K. Forest conditions of northern New Hampshire. 
U.S Dept. Agric. Forestry Bull. 55: 1-100. p/. 1-7+ map. 1905. 

Chittenden, A. K. The red gum. U. S. Dept. Agric. Forestry Bull. 
58: 1-39. pl. 1-6+map. 1905. 

Clark, N. Cotyledon- and leaf-structure in certain Ranunculaceae. 
Torreya §: 164-166. f. 7-8 235 1905. 

Clute, W. N. The chantarelle. (Cantharellus cibarius.) Am. Bot. 
7: 101, 102, pi. [F 1905. ] 

Clute, W. N. The common clematis. (Clematis virginiana.) Am. 
Bot. 8: 21, 22. p/. [Mr] 1905. 

Clute, W. N. ‘The Forest of Arden [ Joliet, Ill.] Am. Bot. 8: 1-4. 
[F] 1905. 

Clute, W. N. The partridge pea. Am. Bot. 8: 30-32. Au 1905. 
[Illust. } 

Clute, W. N. Species and varieties among the ferns. Fern. Bull. 13: 
65-74. [S] 1905. 

Clute, W. N. A walking shield-fern. olystichum Plaschnickianum. 
Fern Bull. 13: 78, 79. [S] 1905. [lllust.] 

Colgate, E. J. The Orchidaceae of Wellington County [Ontario]. 
Ont. Nat. Sci. Bull. 1: 32. 15 Ap 1905. 
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Cook, 0. F. & Swingle, W. T. Evolution of cellular structures. U. 
S. Dept. Agric. Plant Ind. Bull. 81: 1-26. pi. 7 +f.7,2. 4 Au 
1g05. 

Cufino, L. Osservazioni ed aggiunte alla flora del Canada. Malpighia 
19: 187-196. 1905. 

A partial list of plants collected by A. Hill in British Columbia. 

Davis, B. M. Studies on the plant cell—VI. Am. Nat. 39: 449- 
499. 13Jli1g05;—VII. Am. Nat. 39: 555-s99. 19 Au 1905. 
Dearness, J. The Orchidaceae of Middlesex County [Ontario]. Ont. 

Nat. Sci. Bull. 1: 33, 34. 15 Ap 1905. 

Dobbin, F. A sphagnum bog. Am. Bot. 8: 51-53. [Ap] 1905. 

Duvel, J. W.T. The vitality of buried seeds. U. S. Dept. Agric. 
Plant Ind. Bull 83: 1-22. p/. 7-7. 4 Au 1905. 

Eaton, A. A. Botrychium biternatum Underw. Fern Bull. 13: 87. 
[S] 1905. 

Edwards, A.M. Saci//aria (diatoms) of the United States Geologi- 
cal Survey of the Territories. Nuova Notar. 16: 81-84. Jl 1905. 

Edwards, A.M. 7rochiscia moniliformis a form of Bacillaria. Nuova 
Notar. 16: 54-58. Ap 1905. 

Evans, A. W. Diagnostic characters in the /ungermanniaceae. Bry- 
ologist 8: 57-63. pl. 5. 15 Jl 1905. 

Fawcett, H. S. Variation in ray flowers of Anthemis Cotu/a and other 
composites. Proc. lowa Acad. Sci. 12: 55-67. f/. 72. 1905. 
Fernald, M. L. Axnaphalis margaritacea var. occidentalis in eastern 

America. Rhodora 7: 156. 5 Au 1905. 

Fernald, M. L. The genus 4raica in northeastern America. Rhodora 
7: 146-150. 5 Au 1905. 

Seven species are recognized, of which 3 are described as new. 

Fernald, M. L. Some lithological variations of Avées. Rhodora 7: 
153-156. 5 Au 1905. 

Fernald, M. L. Sfergu/a sativa in Connecticut. Rhodora 7: 151- 
153. 5 Au 1905. 

Fink, B. Notes on American cladonias. Proc. Iowa Acad. Sci. 12: 
15-20. pi. 6, 7.. 1905. 

Fink, B. Some notes on certain Iowa algae. Proc. Iowa Acad. Sci. 
I2: 21-27. 1905. 

Gifford, J.C. The Luquillo Forest Reserve, Porto Rico. U.S. Dept. 
Agric. Forestry Bull. 54: 1-52. p/. 7-8 + map. 1905. 
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Gilbert, B. D. Observations on North American pteridophytes. Fern 
Bull. 13: 74-77. [S] 1905. 

Gilbert, B. D. Some Mexican fernworts. Fern Bull. 13: 79-83. 
[S] 1905. 

Gow, J. E. An ecological study of the Sabine and Neches valleys, 
Texas. Proc. lowa Acad. Sci. 12: 39-47. pl. Q-77. 1905. 

Greene, E. L. Extension of Osmaronia. Pittonia 5: 309-312. 9@S 
1905. 
With descriptions of 5 new species. 

Greene, E. L. Latin as the language of botanical diagnosis. Science 
Il. 22: 338-340. 15S 1905. 

Greene, E. L. Origin of Rhus dipinnata. ‘Torreya§: 155-157. 


i) 
w 


> 1905. 

Harper, R. M. Phytogeographical explorations in the coastal plain of 
Georgia in 1904. Bull. Torrey Club 32: 451-467. f. 7-5. 215 
1905. 

Harper, R. M. Some large specimens of small trees in Georgia. 
Torreya §: 162-164. f. 7. 235 1905. 

Harris, J. A. New fasciations. Torreya5: 157-160. 23S 1905. 

Harter, L. L. ‘The variability of wheat varieties in resistance to toxic 
salts. U.S. Dept. Agric. Plant Ind. Bull. 79: 1-48. 27 Jl 1905. 

Hay, G. U. The study of Canadian fungi: a review. Trans. Roy. 
Soc. Canada II. 10°: 139-145. 1905. 

Herriot, W. Some new or little known Canadian plants. Ont. Nat. 
Sci. Bull. 1: 26-30. 15 Ap 1905. 

Hitchcock, A. S. North American species of Agrostis. U.S. Dept. 
Agric. Plant Ind. Bull. 68: 1-68. A/. 7-77 +f. 7,2. 29 Ap 1905. 
[Twenty-seven species are recognized, of which three are described as new. 

Holm, T. ‘‘ New species’’ of plants. Ont. Nat. Sci. Bull. 1: 34-36. 
15 Ap 1905. 

House, H. D. Lesfedeza velutina Bicknell a homonym. ‘Torreya 5: 
167. 235 1905. 

Jarvis, T. D. The Gramineae of the vicinity of Guelph [Ontario]. 
Ont. Nat. Sci. Bull. 1: 37, 38. 15 Ap gos. 

Kirby, J. Some plants of Hempstead Plains [Long Island, N. Y.]. 
Am. Bot. 7: 110. [F 1905. ] 

Klugh, A. B. The genus Aster at Puslinch Lake. Ont. Nat. Sci. 


Bull. 1: 30, 31. £5 Ap 1905. 
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Klugh, A. B. The horsetails and club-mosses of Wellington County, 
Ontario. Am. Bot. 8: 4-6. [F] 1905. 

Klugh, A. B. The local distribution of plants. Am. Bot. 7: 115, 
116. [F 1905. ] 

Klugh, A. B. Nephrodium Boottii or Nephrodium spinulosum X cris- 
tatum. Fern Bull. 13: 86. [S] 1905. 

Laughlin, E. E. Harbinger of Spring. Am. Bot. 8: 6, 7. [F] 
1go5. 

Lawrence, W. H. The Z7rysifhaceae of Washington. 1-8. /. 7-22. 
Pullman, Wash., Ap 1905. 

Lindly, J. M. Flowering plants of Henry County [Iowa]. Proc. 
lowa Acad. Sci. 12: 157-164. 1905. 

Livingston, B. E. Relation of transpiration to growth in wheat. Bot. 
Gaz. 40: 178-195. /. 7-27. 155 1905. 

Lovell, J. H. The colors of northern flowers. Am. Bot. 8: 41-47. 
[Ap] 1905. 

Macbride, T. H. ‘The slime moulds of New Mexico. Proc. Iowa 
Acad. Sci. 12: 33-38. 1905. 

MacDougal, D. T. Suwarro or saguaro. Jour. N. Y. Bot. Gard. 6: 
149, 150. 5S 1905. 

MacKay, A. H. Bibliography of Canadian botany for 1903. Trans. 
Roy. Soc. Canada II. 10°: 153-160. 1905. 

Mackenzie, K. K. Onosmodium. Bull. Torrey Club 32: 495-506. 
21.5 1905. 

Seven species and three varieties are recognized. 

Macloskie,G. Flora patagonica ; flowering plants (continued). Rep. 
Princeton Univ. Exped. Patagonia 8: 339-594. p/. 15-20 + /. 62- 
76. 2 Ja 1905. 

Martin, J.S. A few Maine blossoms. Am. Bot. 8: 7-9. [F] 1905. 

Mottier, D. M. The development of the heterotypic chromosomes in 
pollen mother-cells. Bot. Gaz. 40: 171-177. 155 1905. 

Murrill, W. A. The Polyporaceae of North America— XII. A syn- 
opsis of the white and bright-colored pileate species. Bull. Torrey 
Club 32: 469-493. 215 1905. 

With descriptions of 13 new genera and one new species. 

Nicholson, W. E. 7Zortula pagorum (Milde) DeNot. Bryologist 8: 
70. 15 i} 1905. 

Niles, G.G. Hoosac Valley and its flowers and ferns. Am. Bot. 9: 
21-28. Aurgos.  [Illust.] 
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Pammel, L. H. Notes on the flora, especially the forest flora, of the 
Bitter Root mountains [Montana]. Proc. lowa Acad. Sci. 12: 87- 
100. pi. 22-27. 1905. 

Peck, M. E. ‘The flowering plants of Hardin County [Iowa]. Proc. 
lowa Acad. Sci. 12: 193-241. 1905. 

Piper, C. V. Grass lands of the south Alaska coast. U.S. Dept. 
Agric. Plant Ind. Buli. 82: 1-38. f/. 7-g. 22 Au 1905. 

Pond, R. H. The biological relation of aquatic plants to the sub- 
stratum Rep. U.S. Comm. Fish and Fisheries 1903: 483-526. 
f. 1-6. 1905. 

Ramaley, F. A botanist’s trip to Java. Plant World 8: 139-150. / 
31-34. [Jl] 1905. 

Reed, H. S. A brief history of ecological work in botany Plant 
World 8: 163-170. [Au] 1905; 198-208. [S] 1905. 

Rolfe, R. A. Odontoglossum ramulosum. Curt. Bot. Mag. IV. 1: 
pl. 8071. 1 Au 1905. 

Native of Colombia 

Sargent, F. L. Lichenology for beginners—II. Bryologist 8: 66 
69. f. 1-6. 15 Jl 1905. 

Scofield, C.S. The salt water limits of wild rice. U.S. Dept. Agric. 
Plant Ind. Bull. 72°: 1-8. 25 Ja 1905. 

Seaver, F. J. An annotated list of Iowa Discomycetes. Proc. lowa 
Acad. Sci. 12: 105-120. 1905. 

Sempers, J. F. Fringed gentian notes. Am. Bot. 8: 
19goS. 

Setchell, W. A. Parasitic Florideae of California. Nuova Notar. 
16: so 63. Ap 1905. 
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Includes a description of Peyvsonel/opsis Setchell & Lawson, gen. nov. 

Shattuck, C. H. A morphological study of U/mus americana. Bot. 
Gaz. 40: 209-223. fl. 7-9. 155 1905. 

Shear, C. L. Letter of Dr. Asa Gray to Lewis D. de Schweinitz. 
Rhodora 7: 141-143. 5 Au 1905 

Sheldon, J. L. ‘The effect of different soils on the development of the 
carnation rust. Bot. Gaz. 40: 225-229. 15S 1905. 

Shimek, B. Botany in its relation to good citizenship. Proc. lowa 
Acad. Sci. 12: 1-6. 1905. 

Skeels, H.C. A weed study. Am. Bot. 8: 26-29. [Mr] 1905. 

Squires, W. A. The earliest spring blossoms. Am. Bot. 8: 47-49. 
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